The study was aimed at evaluating the effect of supplementing a diet for laying hens with onion and garlic extracts on their productive performance and egg quality. Two-hundred-sixteen laying hens were divided into 3 groups: standard diet, diet with a 0.0032% addition of onion extract, and diet with a 0.0032% addition of garlic extract. The egg production rate, egg weight, and feed conversion ratio were monitored within the first 17 wk of the laying period. In wk 6, 8, 10, 12, 14, and 16 of the laying period, eggs were analyzed for: weight, weight to yolk ratio, yolk color, albumen quality, and eggshell quality. In wk 7 and 15 of the laying period, analyses were conducted for: yolk color, consistency, aroma, and taste of boiled eggs. The addition of a garlic extract had a positive effect on the production rate in the initial and peak egg-laying period, and significantly determined the aroma and, in the further stage of the production process, also taste of boiled eggs. Administration of the diet with onion extract to hens caused them to begin the egg-laying period later but laying heavier eggs, with a higher content of egg yolk and better quality of albumen. The analysis of the productive performance of hens and quality of eggs indicates the advisability of applying the extract from garlic in commercial flocks of laying hens. In the future, it seems substantiated to analyze the effect of extract supplementation at the end of the laying period.
table eggs is due to a high stability of the amino acid composition of egg albumen that has been acknowledged as a reference protein for humans [3] . In addition, in 2006 the American Heart Association revised its previous position and currently does not impose any limits on the number of consumed eggs [4] . Eggs are not under religious constraints and together with soybean constitute the main source of protein for people who resign from the consumption of meat. High demands of consumers have triggered the necessity of intensifying the sector of laying hens. This, in turn, has contributed to an increased incidence of bird diseases, chronic stress, and cannibalism. It resulted in a decreasing laying production from a high number of hens in one flock and high stocking density per area unit of a henhouse and affected a decreasing laying production [5, 6] . One of the efficient methods to prevent pathologic conditions in poultry turned out to be routine use of antibiotics, which contributed to the improvement of production performance of birds and to the reduction of feed conversion rate [7] . In contrast, the systematically increasing drug resistance of bacteria, and particularly the presence of antibiotic residues in raw materials and finished products of animal origin, have led to urgent bans imposed in many countries on their use as feed additives [8] . The complete withdrawal of antibiotics from feedstuffs for laying hens ensures the absence of their residues in eggs but is almost tantamount to diminished performance of birds. In view of the above, the maintenance of high productive indices often requires introducing alternative strategies.
It has been found numerous times that the use of aromatic extracts from plants, e.g., thyme and eucalypts or common seasonings like green pepper, in poultry feeding may successfully counteract the adverse effects of intensification of laying hens' production [9, 10, 11] . Garlic has been investigated as a feed additive applied to improve laying performance and egg quality, but data published in this respect are often inconsistent, refer to different parameters, and do not confirm one another [6, 12, 13] . Under in vitro conditions, this plant displays a strong bactericidal effect, especially against E. coli and Salmonella typhimurium [14, 15, 16, 17, 18] . Bölükbaşia and Erhan [9] confirmed this effect in a study with live birds, wherein they demonstrated that supplementation of laying hen diet with garlic at the dose of less than 1% caused a decrease in E. coli concentration in bird feces. The strong antibacterial effect of garlic is due to its 13 biologically active bactericidal compounds, 5 antiviral ones, and 9 antioxidants [17] . The antibacterial effect of garlic allows classifying it among plants currently defined as phytobiotics to be used as potential feed additives [19] . According to Yalcin et al. [12] , garlic is also implied to decrease concentrations of triglycerides and cholesterol in blood serum of laying hens as well as to decrease cholesterol concentration in egg yolk without having a negative impact on laying performance and egg qualities.
In turn, no studies have been conducted for the effect of diet supplementation with onion. The literature lacks also reports on studies comparing the effect of administration of extracts from these plants in hen feeding on productive results and egg quality. Both garlic and onion contain multiple organosulfur compounds, including alliin, which, after causing damage to plant tissues, is transformed into allicin under the influence of allinase enzyme [20] . And it is allicin that is implied to induce most of the biologically active properties of the discussed plants, e.g., the hypocholesterolemic effect [21] . Animal studies suggest that garlic has potential hypolipidemic, hypotensive, hypoglycemic, hypothrombotic, and hypoatherogenic properties [22, 23] . Onion, in turn, is recognized as a rich source of quercetin [24] , which belongs to flavonoids and -as a strong antioxidant -protects against diseases induced by oxidative stress [24, 25] . The beneficial effect of synthetic quercetin on laying performance of hens and egg quality has recently been demonstrated by Liu et al. [26, 27] .
It may be expected that hen diet supplementation with onion and garlic in the form of extracts standardized in terms of such flavonoids as quercetin and allicin will have a more positive effect on production results than the earlier applied forms of these plants. In addition, this supplementation should not deteriorate the quality and sensory traits of eggs. Considering the above, the objective of this study was to analyze the effect of diet supplementation with extracts from garlic and onion on production results of laying hens and egg quality.
MATERIALS AND METHODS
The experiment was conducted at the RZD Wilanów experimental station belonging to the Warsaw University of Life Sciences, Poland. The hens were in commercial production. According to the Act of 22 July 2003 on experiments with animals [28], the production was not an experimental procedure and therefore did not require application to and consent of the National Ethical Commission at the Ministry of Science and Higher Education in Poland. The plant extracts used in the experiment were produced by Bellako Sp. z o.o. company, included into the register of feedstuff entities of the Provincial Veterinarian in Gliwice (veterinary reference no. PL 24 78 002 p).
Birds and their Treatment
Two-hundred-sixteen ISA Brown laying hens at 16 wk of age were obtained from a commercial facility [29] . Birds were vaccinated for Gumboro, IB, Marek diseases, and Salmonella. The hens were randomly divided into 3 groups and placed in furnished cage battery [30] . The cages were designed to house 12 hens with dimensions of 120 cm wide, 126 cm deep, and minimum 45 cm high (910 cm 2 /hen). Cages contained the scratch-pad area (2 × 900 cm 2 ), perch 20 cm/hen, and 2 nests of 1,200 cm 2 ; the floor gradient was 7.7
• . The nesting area was separated by a red curtain composed of plastic strips. Each treatment had 72 laying hens arranged in 6 replicates of 12 laying hens. Light stimulation was started at 16 wk by increasing d length for 2 h then subsequent increases of one h per wk until 16 h of light were obtained. The 16L:8D lighting program was applied until the end of the experiment. Throughout the experiment, the average room temperature was 18 ± 2
• C. Water was available ad libitum from 2 nipple drinkers in each cage. Experimental diets were limited to 114 g/hen/d and administered twice a d (in 57 g portions) after switching on the light and in the eighth h of the d, to 240 cm long feeders (20 cm/hen).
For easier adaptation, feed provided by the producer [29] was administered for 7 d to hens upon housing. Its composition was consistent with that declared by the ISA Management Guide -Cage Production System [31] for a specific group of birds (age and body weight). Afterwards, from the 17th wk of life, the hens were fed experimental feed mixtures in previously divided groups, i.e., control diet (C) (no diet supplementation), diet supplemented with 0.0032% garlic extract (A), and diet supplemented with 0.0032% onion extract (B). Components and nutrients of the diets can be found in Table 1 [32] . Garlic and onion 100% extracts were provided by the producer [33] in powdered form, with maltodextrin used as the carrier (starch substance in the form of loose white powder). The total administration of the feed additive made of crude extract and a carrier was at 0.04%. The extracts were standardized for allicin content (garlic extract) and quercetin content (onion extract), the content of which in the crude extract reached 1.5%.
Layer Performance
The ISA Brown hens begin their egg-laying performance usually between the 18th and the 19th wk of life [31] . Different diets were administered from the 17th wk of life, and, therefore, control of laying performance, egg weight, and feed intake was started from the 19th wk of life, assuming this moment as the first wk of production. A weekly production of eggs was calculated from the number of eggs laid in each of the 7 d of a wk in the period from the first to the 16th wk of production. Once per wk, all eggs from a one-day collection were weighed (±0.1 g). Feed conversion ratio was computed as kg of feed per one kg of egg weight. No deaths of birds were recorded in the entire experimental period; therefore, no correction was made for the ingested feed mixtures.
Egg Quality
Egg quality assessment was conducted in the 6, 8, 10, 12, 14, and 16 wk of the laying period. Thirty eggs from each experimental group were collected the same d and placed in a cold store (4
• C). Analyses were carried out the next day. Eggs were removed from cold storage immediately before egg quality assessments to ensure comparable egg temperatures. Egg temperature was monitored throughout quality assessments and ranged between 6 and 8
• C. Shell breaking strength (N) was assessed using the test machine ZWICK, Roell [34], with a cylindrical probe 75 mm in diameter. The eggs were placed in the horizontal position, and shell strength was measured along the equator axis. A test speed of 2 mm/s and a trigger force of 0.001 kg were applied. Further analyses were carried out using the Egg Analyzer device [35] , which determines egg weight (±0.1 g), yolk weight (±0.1 g), and yolk color. Yolk color range corresponds to the DSM scale (YCF = Yolk Color Fan) from one through 15 units. The quality of thick albumen is expressed in Haugh units, which were automatically calculated from the measurements (scale of zero to 130). The obtained data were used to calculate the content (%) of egg yolk in egg weight. Eggshell thickness (mm) was defined using a digimatic micrometer [36] .
Sensory Evaluation
Sensory properties were analyzed using eggs collected in 2 terms of hens laying period: seventh wk analyses were conducted for 25 eggs from each experimental group, and in the 15th wk, for 48 eggs from each experimental group. Different numbers of eggs in the analytical terms results from the difference in the number of panelists able to conduct the assessment. Eggs collected each d were stored for 7 d at 4
• C. They were cooked in an automatic egg cooker [37] and then cooled to room temperature, shelled, and divided into 4 equal parts. The sensoric test was performed by employing untrained panelists, but usual consumers of eggs. All panelists received 3 coded pieces of egg, each representing a different experimental group. A randomized design allowed the sampling of eggs in any order; however, panelists rinsed their mouths with pure water after each bite. Samples of eggs to be assessed were free of any seasonings and salt. During assessment, the panelists were asked to express their opinion in 5-point scales, i.e., regarding yolk color and egg consistency: 1 -very undesirable, 2 -undesirable, 3 -acceptable, 4 -desirable, 5 -highly desirable; and, regarding aroma: 1 -intense, undesirable, 2 -perceptible, slightly undesirable, 3 -imperceptible, 4 -typical, perceptible, 5 -desirable; and, regarding taste: 1 -bad, 2 -poor, 3 -satisfactory, 4 -good, 5 -very good.
Statistical Analysis
Data obtained for egg production were analyzed using the following non-linear regression model [38] :
where y t = egg production rate at t wk of laying; a = asymptotic value of egg production at the peak of egg-laying; b = rate of production decrease after the peak (eggs/hen-day decrease per wk); c = reciprocal indicator of the variation in wk of production of first egg; and d = mean wk of egg production at sexual maturity.
The goodness of fit of the Yang non-linear model was evaluated by means of Akaike's information criterion (AIC), mean square error (MSE), coefficient of determination (R 2 ), and quantitative error measurements -mean model error (MME), based on the formulas presented Fitted curves for weekly egg production rate using Yang model; C = control group (standard diet); -observed egg production rate for the group C; − − fitted curve for egg production rate for the group C; A = experimental group (diet supplementation with garlic extract); ♦ -observed egg production rate for the group A, -fitted curve for egg production rate for the group A, B = experimental group (diet supplementation with onion extract); r -observed egg production rate for the group B, . . . fitted curve for egg production rate for the group B. * Egg production rate differs significantly among treatment groups at P ≤ 0.05.
by Savegnago et al. [39] , and was subjected to graphical analysis.
Data concerning egg production rate, egg white, and FCR in the entire experimental period were compared with the one-way analysis of variance and Duncan's test or Kruskal-Wallis test (in the case of the lack of normality of distribution, based on Shapiro-Wilk test, or, in the case of variance inequality between experimental groups, based on Levene's test). Results of morphological and sensory analysis of eggs were analyzed with the 2-way analysis of variance (diet supplementation and wk of laying production) with interaction. In addition, evaluation of multivariate differences of the analyzed experimental groups of hens regarding egg quality traits was conducted with cluster analysis. Square of Euclidian distance was adopted as a measure of distance for standardized data, and grouping of objects was conducted with Ward's method. Results were depicted in the form dendrograms. Multivariate differences of the groups were additionally assessed with multivariate analysis of variance (MANOVA) and Wilks' test. All statistical analyses were carried out in Statistica ver. 12 software [40], at significance levels of 0.05 and 0.001.
RESULTS AND DISCUSSION
The average weekly egg production rate over the 16-week period of egg production is shown in Figure 1 . The hens from group A began their egglaying period from the highest level (31.90%) compared to group C (23.33%) and group B (14.29%). They were characterized by the highest egg production rate in the egg-laying peak and by the fastest decrease in production rate, which was indicated by the lack of differences in the level of laying performance of hens from all experimental groups from the seventh until the 16th wk of observation. As a consequence, analyses showed no effect (P = 0.078) of diet supplementation with the garlic and onion extracts on the average egg production rate throughout the experimental period. This result is in accordance with earlier findings reported by Chowdhury et al. [41] . These authors did not demonstrate any significant positive effect of the 10% C = control group (standard diet); A = experimental group (diet supplementation with garlic extract); B = experimental group (diet supplementation with onion extract). R 2 = coefficient of determination; AIC = Akaike's information criterion; MSE = mean square error; MME = mean model error; Min = minimum mean model error; Max = maximum mean model error. 1 Number inside parentheses is the wk in which the minimum or maximum MME occurred. . a = asymptotic value of egg production at the peak of egg-laying; b = rate of production decrease after the peak (eggs/hen-day decrease per wk); c = reciprocal indicator of the variation in wk of production of first egg; d = mean wk of egg production at sexual maturity.
addition of garlic paste on egg production rate. In turn, Olobatoke and Mulugeta [6] showed lower by 6.1% egg production as a result of diet supplementation with 5% garlic powder. Liu et al.
[27] demonstrated a positive correlation between egg production rate and quercetin content in the feed mixture, but only up to 0.034% supplementation level; further increase in quercetin content in the feed mixture caused a successive decrease of production rate. According to statistical criteria for AIC, R 2 , MSE, and MME, the Yang model was very well fitted to data describing the course of laying performance of hens from all analyzed experimental groups (Table 2 ). The worst fit was observed to data obtained for the hens from group B; however R 2 at the level of 98% also may be found very high. Also, the MME values for all the treatment groups had residual errors close to zero and the minimum and maximum deviations along the egg production cycle were almost the same (Table 2) . Estimates of parameters a (egg production rate at the peak of egg laying) and b (rate of production decrease after the peak) were close to what was observed. In all groups, the hens achieved egg-laying peak in the sixth wk of production, at the laying performance: C = 95.48%, A = 97.86%, and B = 96.67% (Table 3 ; Figure 1 ). Variation in the wk of producing the first egg (parameter c) may, however, be determined only during the individual rearing of laying hens -likewise for the mean wk of egg production at sexual maturity (parameter d). The high fit of the curve to the Yang model stated based on the determined statistical criteria and the accordance of estimated parameters a and b with the observed data of hens laying performance make these other 2 parameters reliable, in spite of the fact that in this study the laying hens were kept in groups. For this reason, the earliest production of the first egg was observed for the hens from group A, followed by those from group B, and the latest for those from group C ( Table 3) . Results of our study demonstrate that diet supplementation with the garlic extract may have a positive effect on the initial 
group B (experimental group -diet supplementation with onion extract).
* ,a-b Egg weight differs significantly among treatment groups at P ≤ 0.05.
stage of egg production. A lower production rate at the early stage of egg laying in the case of hens from group B (Figure 1 ) could result from a too high dose of flavonoids. Quercetin is known to be the main flavonoid of onion; however, Slimestad et al. [42] demonstrated that onion contains at least 25 different flavonoids, the total content of which ranges from 270 to 1,187 mg/ 1 kg fresh weight. According to Martin et al. [43] , the excess of flavonoid in feed mixtures for laying hens may have antagonistic effects on phytoestrogens by reducing their linking with an estrogen receptor and, consequently, delaying or decreasing egg production. Diet supplementation with the extract from onion had a positive effect (P = 0.042) on the mean egg weight, in contrast to the supplementation with the garlic extract, which had no effect on this trait (Figure 2 ). It would seem like the difference of 1.15 g in the mean egg weight between groups C and B should not be overestimated, but the analysis of weekly results demonstrates that the hens from group B were producing successively heavier eggs. A significantly higher egg weight in this group of hens was determined in the third wk (P = 0.042), and in the case of eggs randomly selected for the morphological assessment, in the sixth wk of production (Table 4) . It could be due to a poorer production rate at the beginning of egg laying. El-Habbak et al. [44] demonstrated a negative correlation (r = −0.06) between these 2 parameters. Nevertheless, among all 3 analyzed groups of hens, the weight of eggs of the hens from group B was the highest in most of the control terms (except for wk one, 2, 13, 14, and 15 of production); however, only in the 14th and 15th wk was it lower compared to the weight of eggs of the hens from group C, but it was not confirmed statistically. This finding seems interesting because egg weight is strongly determined genetically and influenced by the age of hens and production intensity [44, 45] . In our study, also the age of hens had a key effect on this trait (Table 4) . The majority of literature sources confirm the lack of effects of extracts or other plant additives on egg weight [13, 26, 27, 41] . Nonetheless, such a correlation has been described several times, e.g., Olobatoke and Mulugeta [6] demonstrated that 5% addition of garlic powder had a significant effect on hen egg weight increase (by 2.06 g). Especially interesting seem to be the results reported by Bölükbasi et al. [46] , who showed a significant increase in egg weight in hens administered feed mixtures with the addition of 200 mg/kg of thyme oil (by 5.77 g), sage oil (by 2.12 g), and especially rosemary oil (by 7.62 g). In contrast, the addition of sweet green pepper to hens' diet caused a decrease in egg weight, regardless of supplementation level [11] .
None of the two analyzed extracts influenced the mean value of FCR calculated for the whole production period (Figure 3) . The FCR value was, however, completely dependent on production rate and weight of eggs owing to feed mixture administration in doses (114 g/hen/d).
Hen diet supplementation had a significant effect on yolk weight (P = 0.030), yolk weight ratio to egg weight (P = 0.030), and albumen quality expressed in Haugh units (P = 0.047). In turn, values determined for yolk color and for shell breaking strength and thickness were at a similar level for fresh eggs in all analyzed groups of hens (P > 0.05; Table 4 ). Worthy of special attention is that the eggs of hens from group B were characterized by both higher weight and higher yolk content, especially compared to the eggs of hens from group C (Table 4) . Usually, the higher egg weight is linked with the higher albumen content and respectively lower yolk content [47] . In earlier studies, Liu et al. [27] did not find any significant effect of onion quercetin on the quality traits of eggs; likewise, Yildiz et al. [48] showed no effects of Jerusalem artichoke containing high amounts of flavonoid. Compared to the effect of the onion extract, diet supplementation with the garlic extract in our study had a small effect on the morphological traits of fresh eggs (Table 4 ). Olobatoke and Mulugeta [6] also did not demonstrate an effect of 3 and 5% addition of garlic powder on most egg quality parameters. Canogullari et al. [49] confirmed deterioration of quail egg albumen quality expressed in Figure 3 . Feed conversion ratio (kg /1 kg egg weight) curves of hens period production; − − − − group C (control group -standard diet), -♦-group A (experimental group -diet supplementation with garlic extract), . . . r. . . group B (experimental group -diet supplementation with onion extract).
* Significant difference among treatment groups at P ≤ 0.05.
Haugh units after diet supplementation with 4% garlic powder, whereas Mottaghitalab and Taraz [50] showed a significant decrease in yolk weight as a consequence of applying all analyzed doses of the garlic powder (5, 10, and 15 g/kg). Like the egg weight, all other morphological traits of egg were strongly determined (P < 0.001) by the wk of egg production, regardless of supplementation type. A significant interaction (P = 0.002) was confirmed, in turn, exclusively for egg weight (Table 4) .
The analysis of results of the sensory assessment of eggs from both control terms demonstrated that diet supplementation with the extracts from both garlic and onion influenced (P = 0.008) the aroma of eggs perceptible by consumers (Table 5 ). The highest scores were given to the eggs of hens from group A, which in the panelists' opinion were characterized by the most perceptible typical aroma compared to the eggs of hens from the other groups. The aroma of eggs of group B hens was less perceptible (P ≤ 0.05) compared to those of hens from group A, but more perceptible (P ≤ 0.05) compared to the eggs of C group hens. Regardless of its intensity, the consumers evaluated the aroma of eggs from both group A and group B as typical of eggs and were unable to indicate the factor that differentiated the experimental groups. The aroma of onion and garlic in the eggs was, therefore, completely imperceptible to the consumers. Motozono et al. [51] demonstrated that 2% addition of garlic to diet for hens caused perceptible but -contrary to our findings -unpleasant aroma. It may be speculated that these differences stem from various preferences of consumers and from the dose of the applied preparation. The eggs of hens fed a diet supplemented with the garlic extract also were appreciated by the panelists for their better taste. The taste was typical of the eggs and the panelists declared a lack of foreign tastes, which means that they did not sense the garlic after-taste. In the case of this parameter, significance was confirmed (P ≤ 0.05) for eggs of older hens (15th wk of production), whereas no statistical differences were confirmed for the eggs evaluated in the seventh wk of production (Table 5) . Similar results were obtained by Olabatoke and Mulugeta [6] , but at a significantly higher level of diet supplementation with garlic powder. In their study, the intensity of garlic taste was significant already at the 5% supplementation; however, analyses were conducted only after 7 wk of experimental diet administration. It seems that the effect of garlic preparation addition on the taste of eggs may be determined by both supplementation level and duration. Based on consumers' assessment, the addition of onion 0.12 C = control group (standard diet); A = experimental group (diet supplementation with garlic extract); B = experimental group (diet supplementation with onion extract). DS = Diet supplementation; WLP = Week of laying production; DSxWLP = Diet supplementation x Week of laying production. Numerical rating scale for yolk color and egg consistency: 1 = very undesirable; 2 -undesirable; 3 = acceptable; 4 = desirable; 5 = highly desirable. Numerical rating scale for yolk color and egg consistency: 1 = very undesirable; 2 -undesirable; 3 = acceptable; 4 = desirable; 5 = highly desirable. Numerical rating scale for egg aroma: 1 = intense, undesirable; 2 = perceptible, slightly undesirable; 3 = imperceptible; 4 = typical, perceptible; 5 = desirable. Numerical rating scale for egg taste: 1 = bad; 2 = poor; 3 = satisfactory; 4 = good; 5 = very good. Significant differences among treatment groups at P ≤ 0.05. Means within a row for the same test time (wk) without a common superscript differ significantly (Duncan's test) among treatment groups. a-c P ≤ 0.05. extract to feed mixtures for hens did not change the taste of eggs (Table 5 ). The panelists did not observe any differences in yolk color and egg consistency as affected by the type of supplementation, but still the mean values of scores indicate that in eggs from all groups of hens the color of yolk was acceptable and egg consistency was close to desirable or desirable. Values of the latter parameter were determined by assessment term, i.e., by the age of hens (P < 0.0001). Significantly higher scores were given for this parameter in the case of eggs from the 15th wk of production compared to the eggs assessed in the seventh week. The diet supplementation x hen age interaction was insignificant for all 4 components of the sensory evaluation of eggs (Table 5) .
Results based on MANOVA and pairwise multivariate comparisons for fresh egg morphology and hard-boiled egg sensory evaluation and consumer acceptance are presented in Table 6 and on dendrograms (Figures 4a, 4b, and 5) . The multivariate comparison of all 7 morphological traits of fresh eggs indicates the hen diet supplementation with the extracts from garlic and onion had no effect (P = 0.068) on the overall quality of eggs. Results of the cluster analysis based on standardized variables demonstrate, however, relatively large distance between eggs of hens from group C, which were classified to another homogenous group, than the eggs of hens from groups A and B classified to the same homogenous group (Figure 4a ). In contrast, the analysis of egg content excluding shell quality parameters demonstrated significant (P = 0.018) differences among groups, with the greatest differences noted between eggs of hens from group B vs. the other groups (Figure 4b ). The decision about conducting an additional multivariate analysis of eggs with exclusion of shell quality parameters resulted from no effect of hen diet supplementation on both shell thickness and breaking strength (Table 4) . Nonetheless, in the analysis of all 7 or only 5 morphological traits of the eggs, providing the characteristics of egg interior, the effect of hen age as well as the diet supplementation x hen age interaction were significant (P ≤ 0.05; Table 4 ). Our results suggested that tested extracts could have a significant effect on the analyzed performance traits and egg quality parameters at the end of the laying period.
The multivariate analysis of simultaneously all 4 quality traits of cooked eggs, based on consumers' assessment, showed no differences (P = 0.102) among the analyzed groups. Figure 5 indicates explicitly, however, that the eggs of hens fed a diet with garlic extract differed in consumers' opinion from the eggs of hens from groups C and B, which were similar based on the cluster analysis. The effect of the wk of production, namely, duration of experimental feed mixture administration to hens, was significant (P = 0.004) -likewise, for effects of other analyzed parameters; however, higher scores were given by the panelists to the eggs of older hens from groups A and C than to the eggs of younger hens from group B. In the case of the sensory traits of cooked eggs, the diet supplementation x hen age interaction was insignificant (P = 0.571; Table 5 ).
CONCLUSIONS AND APPLICATIONS
1. Based on study results it may be concluded that 0.0032% addition of the extracts from both garlic and onion to feed mixtures for hens had no effect on the total egg production rate and feed conversion ratio till the 16th week of production. Beginning at the 17th week of hen age, diet supplementation with garlic extract caused higher egg production at the initial and peak production periods. 2. The extract from onion turned out to be a beneficial component of hen diet as it caused an increase in egg weight, yolk weight, and yolk weight ratio in egg weight, and improved albumen quality expressed in Haugh units. These traits are important in the commercial production of table eggs. 3. In consumers' opinion, the 0.0032% addition of garlic extract to feed mixture for hens significantly improved the typical aroma and taste of eggs, and did not deteriorate yolk color or egg consistency. It indicates the advisability of applying the additive of garlic extract in feed mixtures for laying hens in the production of eggs for direct consumption.
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